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Sumar5

Coated-wire ion-selective electrodes based on dinontl-

naphthalene sulfonic acid (DNNS) are prepared for Methadone,

MethsjlaMphetaMine, cocaine, and protriptjline in protonated

forM# In each set, nearly Nernstian responses are obtained,'
-5*5

while detection limits range from 10 M for cocaine and
-6.0

Meth-slaMphetaMirne electrodes to 10 M for Methadone, and
-6.5

10 M for protriptvline electrodes -I'Selectivit- is found to

decrease in the order methadone, protriptjline, cocaine, and

MethglaMphetaMinre; results which are consistent with systeMatic

selectivitv studies reported earlier for electrodes in this

family.* 1_77j
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Introduction

Since the development of DNNS-based polt(vin1l chlor-

ide) Matrix MeMbrane electrodes as sensors of high-molecular

weight cations, electrodes responsive to basic lipophilic drugs

(1,2) and to a varietd of alkslamMoniuM ions (3) were prepared.

In a recent sjstematic studj of selectivit-d performed in this

laboratory (4), it was shown that certain factors in addition

to the number of carbon atoms of the cation affect the

selectivity displased b5 DNNS-based electrodes. These factors

included degree of nitrogen substitution, branching of the

hydrocarbon chains, and the number and type of hjdrophilic

substituents; parameters which control the extent to which the

analute (or the interferent) will partition into the PVC

membrane*
/
This paper describes the preparation and evaluation of

electrodes selective to Methadone, cocaine, protriptuline, and

methlamphetamine. These compounds were chosen because theu are

protonated amines in the phusiologic pH range, and are

representative of some important families of pharmaceuticalsf

r-4 W-e-4-fr methulamphetamine (MW = 150) a central nervous

sdstem stimulant; protriptdline (MW = 263) an anti-depressant;

methadone (MW = 310) a narcotic analgesic; and cocaine (MW =

303) a local anaesthetic.\

-4fi.,
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Experimental Section

Reatents

Stock solutions of the drugs were Made bu dissolving

known amounts of the pure hydrochloride salts in 10- 2 M

pH 4.0 acetate buffer. ChroMatographic grade Polt(vintil-

chloride) was obtained from Pol-sciences (Warrington, Pa.) and

Dioctvlphthalate from EastMan.

Potentiometric MeasureMent SysteM.

All EMF MeasureMents were Made with a previousl-: described

Data General Nova 2/10 MinicoMputer systeM (4). To allow use of

up to five electrodes in sample volumes as small as 1.0 Ml, the

following cell was constructed. A 3 MM hole was drilled in

the bottom of a 10 Ml vial, to which a Ag/AgCl electrode Made

from two Pasteur pipettes was sealed with silicone rubber ce-

Ment. PolsacrvlaMide impregnated with 0.1 M KC1 and

0.1 H NH NO was used for the internal and external junc-
4 3

tions, respectiveld, A 1.000 Ml. Mettler digital burette capable

of adding 1.0 Microliter increments was used for all titrations,

Electrode Preparation and Handling.

Coated-wire electrodes were used exclusively, and were pre-

pared as described previously (4). As before, the electrodes

were stored in 10 - 3  solutions of the species to which

thed were selective. During the course of calibration and/or

jj Mt
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selectivitd Measurements, the electrodes were kept in buffer

solution containing no primarV ion. All measurements were
0

Made at 25.0 0.1 C.
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Results and Discussion.

Nearlj Nernstian responses were obtained for all electrodes
with excellent linearity (E vs. log C) over ranges specified in

Table 1. The electrodes responded rapidlq above a concentration
-5

of 10 M, usuallq equilibrating within 30 seconds to one minute

after exposure to a new concentration. Below this level,

however, longer times were required (2 - 5 minutes). For all

electrodes, 'equilibrium" was assumed when drift was less than

0.4 mV/minute, though at the higher concentrations drift of only

0.1 mV/minute was commonplace.

Selectivitu coefficients are reported as Log(kPot)
1,j

in Table 2. As expected from earlier studies and b5 inspection

of structures for the drugs (Figure 1), selectivity decreased in

the order methadone, protriptsline, cocaine, methslamphetamine.

The vert high selectivitq of the methadone and protriptIline

electrodes over cocaine and methvlamphetamine precluded the

precise determination of selectivitq coefficients for the

smaller amines. In fact, interference from methilamphetamine was

so negligible that no changes in EMF readings for methadone and

protript-line electrodes could be attributed to its presence.

The concentrations of primar5 and interfering ion are reported

because the selectivitv coefficients varied with each of these

values.

It was observed that the detection limits obtained depended

on the primar5 ion. This was not apparent from earlier studies,
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because primaor ions did not varv in molecular weight or

structure to the same extent as those used here# The calibration

curve shown in Figure 2 for a set of five protriptiline
-6.5

electrodes indicates that detection limits of 10 M are

obtainable. For Methadone, slightll higher detection limits
-6

were realized (10 M), and for the cocaine and

methjlamphetamine electrodes, detection limits were even
-5*5

higher (10 M).

Calibration curves for the individual electrodes were found

to be reasonablv reproducible from da, to dav provided that
-2

the electrodes were soaked in 10 M pH 4.0 acetate buffer be-

tween calibrations (Table 1). After exposure to strong

interferences, however, the calibration curves shifted bv

several millivolts so that anv further measurements would result

in erroneously high results. The original response was
-3

restored bv storing the electrodes in 10 M primar ion

followed b5 soaking overnight in the buffer solution*

Electrodes prepared five months ago are still functioning

normallv.
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Conclusions

Sternson et. al.(5), reported Methadone coated wire

electrodes in an earlier paper using PVC impregnated with

dioctslphthalate as the MeMbrane Material. Though Nerrnstian
-6.0

responses to Methadone with detection limits of 10 M along

with high selectivit4 towards inorganic cations was achieved,

selectivit-d among other high Molecular weight cations was poor.

For DNNS-based electrodes, selectivity increases with analvte

lipophilicitgs The kot values obtained for Methadone aridlj

protriptsline with respect to cocaine arid methslamphetamine

attest to this# A larger increase in selectivity is seen for

protriptsline over cocaine than for Methadone over

protriptIline, even though the carbon numbers in each pair

differ b5 onl5 2. This is understandable from the lower

distribution constant of cocaine arising from the two

carboxtlate substituents as well as to the lower degree of

substitution of nitrogen in protriptsline. Distribution

constants of the drugs in their hydrochloride form for the

octanol/water system were calculated b5 the Method of Hansch et

al. (6), in which an overall Log KD value for a compound

in a given solvent system is the sum of individual contributions

from its Molecular fragments. These values increased in the

order methslamphetamine (-1.61), cocaine (0.80), methadone

(1.37), protriptiline (1.46)o Since the contributions (or

fragment constants) are derived from experiment, small errors
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can arise with these calculations either from unanticipated

Molecular interactions or to lack of sufficient experimental

data for a given fragment. The latter reason is apparentl5 the

case for the methadone/protriptsline pair, since the calculated

KD value for protriptline is slightlv higher than that for

Methadone yet the Methadone electrodes displayed greater

selectivity. As pointed out by Hansch and Leo (6, p 41)

additional data is needed for large fused ring svsteMs bearing a

positive nitrogen, Even so, the high selectivity of both of

these electrodes over MethylamphetaMine and cocaine is

accurately reflected b1 the large difference in the distribution

constants.

Interference from drug Metabolites can, also be predicted

from their structures. MethylaMphetamina does not undergo

extensive metabolism and is excreted unchanged (7)o Cocaine,

however, is rapidly converted to Methleconine through

hydrolysis of the benzoyl group (8). This represents a

decrease in carbon number of seven, which, based on calculated

Log KD values, indicates that Methylecognire will not be a

significant interferent (calculated Log KD = 0.80 for

cocaine and -1.64 for Methslecognine). F'rotriptyl1ine is

N-deMethlated (28) and as inferred by previous work (i), this

compound would be expected to be a Major interferent. Methadone

is also N-deMethlated, but then cyclizes to form

2-ethyl-1,5-diMethl-3,3-diphenl-1-prroline (9). Although

this is a quaternary aMMoniium compound it would probably cause
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significant interference as predicted b5d its its relativel high

calculated Log KD value of 2.13. Preparation of electrodes

selective to these interfering Metabolites which would not

respond significantld to the parent drug would be one approach

for Monitoring Metabolism of these substances. Since both

species are often at appreciable levels in urine samples,

depending upon the individual drug and others which have been

ingested (10), each compound Must be analised simultaneousl-.

With DNNS electrodes, no interference is possible from

inorganic cations even at 10,000 fold excess concentration.

Following administration, extreMlj low levels of drugs are

found in serum and urine samples (Table 3)o In Table 4, the

detection limits of these electrodes are compared to several

alternative Methods applicable to clinical samples. It should be

pointed out that for most of these Methods, the reported values

were attained onld after sample pretreatMent Methods such as

derivitization or preconcentration, whereas those for the

potentioMetric ISE Method involved none of these. With

preconcentration, the detection limit of a potentioMetric

procedure ma5 equal or surpass that of the EMIT technique. The

time arid cost of an analsis using coated-wire electrodes should

- be substantiall5d reduced. In addition, the electrodes are more

than sufficientld sensitive and reproducible for analusis of

pharmaceutical preparations. The drugs studied here represent

onld a fraction of those for which electrodes maU be fabricated.

Others mau easily be Made as needed b-d adding the coMpound of
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interest as the primard ion in the polvmer MeMbrane solution.

Selectivitv characteristics are then predicted as described

earlier or Mma be determined experimentalli if certain

interferences are suspected.

It was interesting to note that the electrode of highest

selectivity (Methadone) did riot have the lowest detection limit

(protripttline) * This supports the contention that selectivity

is determined primarilV b5 the partition coefficient of the

protonated amine, whereas detection limit is determined b5

solubilittj of the DNNS-ammonium ion-pair. This suggests that

electrodes with lower detection limits could result bv using a

ligand which can form a more water-insoluble salt with the

anal3te than can DNNS, or b5j covalentl attaching a ligand to

the polsmer backbone. Initial studies on ionic polsmers in this

laborators (11) have shown promise for this latter approach.
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TableI

Response Characteristics of Coated Wire Electrodes

"for Basic Druas

Slope Y-int Linear Detection
(MV/Loq C) (MV) Range LiMit

-3 -5 -5.5
MethslamphetaMine 58.61 282 10 -10 M 10

a a
.67 1

b b
*58 2

-3 -5 -5.5

Cocaine 59.5i 50"I 10 -10 M 10 M
a a

.83 5
b b

40 2

-3 -5 -6.0
Methadone 58*08 398 10 -10 M 10

a a
1475 22

b b
.8i

-3 -5 -6.5
Protriptuline 58950 475 10 -10 M 10

a a
,74 11

b b
*80 3

a standard deviation among several electrodes

b standard deviation among individual electrodes

c 10 M was highest concentration tested



Table 2.

SuMmart of Selectivitv Characteristics for Various

Coated-Wire Ion Selective Electrodes

(Log P Pot values)1L ",j

Electrode: Methjl- Methadone Cocaine Protriptsline
amphetamine

J-ions:

2 2
Methjl- 2

amphetamine: -:- -q -. 60 < -4

1 11

Methadone: 2.41 1.79 0.40

1 11

Cocaine: 0.54 -1.96 -1.78

Frotrip- 1 1 1
t line: 2.16 -0.67 1.,7

-3

1) (priMary ion) = (interferent) = 10 h

-4 -3

2) (priMar5 ion) - 10 (interferent) = 10

[



Table 3

Concentration of Drugs of Interest in PlasMa following

Therapeutic Doses

Drug Dose PlasMa Level ref.

-6°2
Cocaine oral* 2 Mg/kq 200 rig/Mi (10 f) 12,13

-5
nasal*IS-150 Ms 2-25 ug/Ml (1-8x10 t) l4

-7
Methyl- 10 mg 20 ng/M1 (1.3x10 H) 15
amphetamine

-7
Methadone 1Mg/kg-dab 100-Q00 rg/Mi (3x10 H) 16

-7
Protriptsgline 2-3 Mg/kg-daq 50-200 rg/Mi (2x10 f) 17

4A



Table 4

Detection Limits for Various Assa4 Procedures

for Serum and Urine

(reported as ng/ml)

Protriptdline Methadone Cocaine Methlamphetamine

i a a,h
GLC 10 (18) 5 (22) 200 (25) 2 (29)

GC-MS 5 (19) 5 (16) 2 (26) 0.5 (30)
g eb

HPLC 10 (20) 100 (27) 2 (31)
f d

RIA 10 (21) 1 (23) 2 (28) 0.5 (32)

EMIT --- 500(24) 1000 (24) 2000(24)
C

ISE 85 350 1000 500

a- FID used

b- UV detector used

c- all 1 ml samples, no preconcentration

d- stereospecific for d and 1 isomers

e- preceeded b5j derivitization with B-Napthoquinone-4-sulfonate

f- poor specificity with respect to other tricjclic
anti-depressants

9- protriptVline was internal standard for anal5sis of other
tricjclic anti-depressants

h- cocaine and Metabolites extracted, propulated, and
back-extracted

i- Nitrogen detector used



Legends for fiQures

Figure 1. Structures of basic drugs

Figure 2. (Potential vs. Ag/AgCl) vs. Log (protriptsline)
for five different protriptsline electrodes.
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